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(57) ABSTRACT

In a method for producing a threaded connection between a
first component and a second component of an 1njection
device for iternal combustion engines, which are each
provided for carrving high-pressure fluid, an internal thread

1s formed on a tubular end portion of the first component,
into which the second component can be screwed and

clamped against a resting surface of the first component, the
second component having formed therecon an external
threaded portion for engaging the internal thread of the
tubular end portion, an outer ring 1mparting an elastic
prestress acting in the radial direction 1s pressed onto the
tubular end portion, and the components are subsequently
screwed together.
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THREADED CONNECTION OF
HIGH-PRESSURE FLUID-CARRYING
COMPONENTS OF AN INJECTION DEVICE
FOR INTERNAL COMBUSTION ENGINES

CROSS-REFERENCE TO RELATED
APPLICATION

This U.S. application claims the foreign priority filing
date benefit of Austrian Application A 161/2012, filed Feb.

7, 2012, and the full disclosure of said Austrian application
1s hereby incorporated herein by reference.

FIELD OF THE INVENTION

The mvention relates to a threaded connection of high-
pressure tluid-carrying components ol an injection device
for internal combustion engines, wherein a first component
comprises an internal thread on a tubular end portion and a
second component comprises an external thread that 1s
screwable 1nto the internal thread, said second component
being clampable by an end face against a resting surface of
the first component when tightening the threaded connec-
tion.

The mvention further relates to a method for producing
such a threaded connection as well as a first component for
such a threaded connection.

BACKGROUND TO THE INVENTION

Common rail systems for heavy diesel engines require
large accumulator volumes for hydraulic reasons. Hence
result—also for manufacturing reasons—Ilarge sealing diam-
cters for sealing the high-pressure-loaded components. In
terms of thread load, those large sealing diameters are
disadvantageous 1n threaded connections. On the one hand,
high prestressing forces have to be used and, on the other
hand, the dynamic load on the thread is increased by the
pulsating internal pressure load.

At present, a relief of the thread can practically and
cllectively only be achieved by increasing the base radius of
the thread—in order to reduce the notch effect—and by
increasing the diameter of the thread—which entails an
increase in the force-transmitting surface. A positive influ-
ence on the load-carrying capacity of the screw connection
can, moreover, be achieved by an improved material quality,
an increased pitch, i particular with highly hardened and
tempered screw connections, heat treatment techniques,
thread manufacturing (final tempering—{inal rolling), and
via the lubrication state. Geometrically, the use of tension
nuts and threads with flank angle differences as well as high
screw-1n depths may be helpful for the fatigue strength.

All of the usable measures mentioned are, however,
limited 1n their effects, in particular where high-prestressing
forces are required.

BRIEF SUMMARY OF THE INVENTION

The mnvention, therefore, aims to improve fatigue strength
of the threaded connection of high-pressure fluid-carrying
components of an injection device for internal combustion
engines 1 a simple manner.

To solve this object, the mmvention i a method of the
initially defined kind provides that an outer ring imparting
an elastic prestress acting 1n the radial direction 1s pressed
onto the tubular end portion, and the components are sub-
sequently screwed together.
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To solve this object, the mvention 1n a threaded connec-
tion of the mitially defined kind further provides that the first
component carries an outer ring, which 1s externally fastened
to the tubular end portion by a press fit.

The 1invention causes a reduction of the load on the thread
by imparting a selective prestress of the internal thread by
pressing an over-dimensioned outer ring over the outer
surface of the tubular end portion. In order to achieve a
selective 1ntroduction of internal stresses and a selective
change in the load, the compression region 1s preferably
restricted to the free end of the tubular end portion. This
causes a relief of the normally highly stressed first turn of the
thread, 1.e. the turn adjacent the resting surface, by the more
rigid and prestressed thread located therebelow. The internal
stresses also have positive effects on the first thread turn.

Both the stifiness and load-carrying capacity of the com-
pressed outer ring and the possible overdimension have
limiting effects. Compressions of at least 150 N/mm”®, in
particular about 200 N/mm?, however, already show very
good eflects and are readily attainable. At the same time, 1t
has to be made sure that the final turn of the thread will not
be overloaded. Depending on these factors, a reduction of
the stress by 50% 1s feasible as a function of the base
geometry.

Alternatively, 1t 1s also possible to provide a clearance {it
instead of a press fit. The supporting effect will reduce the
thread stresses in the first turn of the thread.

A particularly advantageous application of the mvention
relates to a configuration 1n which the first component 1s an
integrated high-pressure accumulator of a modular common
rail injector and the second component 1s a supporting body
of the modular common rail 1njector.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates the basic structure of a modular common

rail injector.
FIG. 2 1s a detailed view of the threaded connection of the

supporting body to the high-pressure accumulator.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

In the following, the invention will be explained 1n more
detail by way of an exemplary embodiment schematically
illustrated 1n the drawing. Therein, FIG. 1 illustrates the
basic structure of a modular common rail injector; and FIG.
2 1s a detailed view of the threaded connection of the
supporting body to the high-pressure accumulator.

FIG. 1 depicts an injector 1 comprising an injection
nozzle 2, a throttle plate 3, a valve plate 4, a supporting body
5 and a high-pressure accumulator 6, a nozzle clamping nut
7 screwed with the supporting body 5 holding together the
injection nozzle 2, the throttle plate 3 and the valve plate 4.
In the i1dle state, the solenoid valve 13 i1s closed such that
high-pressure tuel will flow from the high-pressure accu-
mulator 6 into the control chamber 11 of the 1njection nozzle
2 via the high-pressure line 8, the transverse connection 9
and the 1nlet throttle 10, yet with the drain from the control
chamber 11 via the outlet throttle 12 being blocked on the
valve seat of the solenoid valve 13. The system pressure
applied in the control chamber 11 together with the force of
the nozzle spring 14 presses the nozzle needle 15 nto the
nozzle needle seat 16 such that the spray holes 17 are closed.
When the solenoid valve 13 1s actuated, 1t will enable the
passage via the solenoid valve seat, and fuel will flow from
the control chamber 11 through the outlet throttle 12, the
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solenoid valve anchor chamber and the low-pressure bore 18
back into the fuel tank (not illustrated). In the control
chamber 11, an equilibrium pressure defined by the tlow
cross sections of the inlet throttle 10 and the outlet throttle
12 1s established, which 1s so low that the system pressure
applied 1n the nozzle chamber 19 is able to open the nozzle
needle 15, which 1s longitudinally displaceably guided in the
nozzle body, so as to clear the spray holes 17 and efiect
injection.

As soon as the solenoid valve 13 1s closed, the fuel drain
path 1s blocked by the outlet throttle 12. Fuel pressure again
builds up 1n the control chamber 11 via the inlet throttle 10,
thus creating an additional closing force, which reduces the
hydraulic force on the pressure shoulder of the nozzle needle
15 and exceeds the force of the nozzle spring 14. The nozzle
needle closes the path to the injection openings 17, thus
terminating the injection procedure.

A method for producing a threaded connection between a
first component and a second component of an injection
device for internal combustion engines, which are provided
for carrying high pressure fluid, wherein an internal thread
1s formed on a tubular end portion of a the first component,
into which the second component comprising an external
thread can be screwed and clamped against a resting surface
of the first component, 1s characterized in that an outer ring
imparting an elastic prestress acting in the radial direction 1s
pressed onto the tubular end portion, and the components are
subsequently screwed together.

The compression between the outer ring and the tubular
end portion is at least 150 N/mm?, in particular about 200
N/mm?. Preferably, the compression is 200-250 N/mm~.

Injectors of this type are used i modular common-rail
systems, which are characterized in that a portion of the
accumulator volume present within the system 1s present 1n
the injector itself. Modular common-rail systems are used in
particularly large engines, 1n which the individual 1njectors
are sometimes arranged in considerably spaced-apart rela-
tion. The single use of a common rail for all injectors does
not make sense with such engines, since the long lines would
cause a massive drop of the injection pressure during the
injection, thus considerably reducing the injection rate dur-
ing extended imjection periods. Such engines, thereiore,
comprise a high-pressure accumulator arranged in the nte-
rior of each 1njector. Such a mode of construction 1s referred
to as a modular structure, since each individual 1njector has
its own high-pressure accumulator and can thus be used as
an independent module. A high-pressure accumulator 1n this
case 1s not meant to be an ordinary line, but a high-pressure
accumulator denotes a pressure-prool vessel having a feed
line and a discharge line and whose diameter 1s clearly
increased relative to high-pressure lines in order to allow a
certain 1njection amount to be discharged from the high-
pressure accumulator without causing an immediate pres-
sure drop.

FIG. 2 depicts an enlarged illustration of the detail II of
FIG. 1. The high-pressure accumulator 6 comprises a tubular
end portion 20 provided with an internal thread 21. The
supporting body 35 1s provided with an external thread 22,
which cooperates with the internal thread 21 in the state
screwed 1nto the high-pressure accumulator 6, of the sup-
porting body 5. When tightening the screw connection, the
conical end face 23 of the supporting body 3 1s clamped
against the conical resting surface 24 of the high-pressure
accumulator 6 so as to ensure sealing between the high-
pressure accumulator 6 and the supporting body 5. In

10

15

20

25

30

35

40

45

50

55

60

65

4

conventional configurations of the threaded connection, the
first turn 25 of the thread will be stressed the most 1n the
clamped state.

According to the invention, an outer ring 26 1s attached to
the free end of the tubular end portion 20 by a press fit. The
press {1t 1s obtained 1n a conventional manner, €.g. by heating
the outer ring 26 and subsequently shrmkmg the same onto
the tubular end portion 20. The outer ring 26 causes the
tubular end portion 20 and the internal thread 21 to be
clastically prestressed in the radial direction, which will
result 1n a relief of the first turn 25 of the thread when the
threads are tightened. The screwing force will be better
distributed such that the thread turns that are farther away
from the resting surface 24 will be more highly stressed. The
outer ring 26 1s, 1n particular, attached 1n the region of the
final thread turns of the internal thread 21. The free end of
the tubular end portion 20 comprises a matenal taper in the
radial direction in the support region of the outer ring 26,
said taper preferably corresponding to the radial thickness of
the outer ring 26.

The mvention claimed 1s:

1. A method for producing a threaded connection between
a first component that 1s an mtegrated high-pressure accu-
mulator of a modular common-rail 1njector for an internal
combustion engine and a second component that 1s a sup-
porting body of the modular common-rail mjector for an
internal combustion engine, which components are config-
ured for carrying high-pressure fluid, said method compris-
ng,

providing said first component, wherein said first com-

ponent has a tubular end portion having an interior
surface, a resting surface on the interior surface and
internal threads formed on another part of the interior
surface, the internal threads configured to engage exter-
nal threads of said second component,

providing said second component, wherein said second

component has an external thread configured for
threadably engaging the internal threads of the first
component and having a separate end face configured
for being clamped against the resting surface of the first
component after the components are screwed together,
pressing an outer ring onto the tubular end portion of the
integrated high-pressure accumulator of a modular
common-rail 1njector to impart an elastic prestress
acting 1n a radial direction onto the tubular end portion,
wherein the elastic prestress imparted by the outer ring
imparts a compression between the outer ring and the
tubular end portion that is at least 150 N/mm~, and
screwing the first and second components together,
wherein the compression imparted between the outer ring
and the tubular end portion provides relief to a portion
of the threads of the first and second components when
the first and second components are threadably screwed
together, and the resting surface and the end face are
pressed against each other by the compression when the
integrated high-pressure accumulator of a modular
common-rail injector and the supporting body of the
modular common-rail 1njector are screwed together.

2. Amethod according to claim 1, wherein the tubular end
portion has a free end and said pressing comprises pressing
the outer ring onto the free end of the tubular end portion.

3. A method according to claim 1, wherein the compres-
sion between the outer ring and the tubular end portion 1s
200-250 N/mm”.

4. A threadably connected pair of high-pressure fluid-
carrying components of an injection device for an internal
combustion engine comprising,
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a first component that 1s an integrated high-pressure
accumulator of a modular common-rail injector, the
first component having a tubular end portion, said
tubular end portion comprising an internal thread on a
first section and resting surface on a second section;
and
a second component that 1s a supporting body of the
modular common-rail mjector comprising an external
thread screwed into the internal thread for threadably
connecting the first component and the second compo-
nent, the second component having an external end
face configured for being clamped against the resting
surface of the first component when tightening the
threaded connection; and
an outer ring externally fastened to the tubular end portion
of said first component by a press fit for imparting an
clastic prestress on the tubular end portion 1n an inward
radial direction, wherein the elastic prestress imparted
by the outer ring imparts a compression between the
outer ring and the tubular end portion that 1s at least 150
N/mm?~,

such that when the first and second components are
screwed together the compression imparted between
the outer ring and the tubular end portion provides
relief to a portion of the threads of the first and second
components by which the first and second components
are threadably screwed together, and so that the resting
surface and the end face are pressed against each other
by the compression when the integrated high-pressure
accumulator of a modular common-rail 1njector and the
supporting body of the modular common-rail injector
are threadably screwed together.

5. A threaded connection according to claim 4, wherein
the tubular end portion includes a free end and the outer ring,
1s fastened to the free end of the tubular end portion.

6. A threadably connected pair of high-pressure tluid-
carrying components of an injection device for an internal
combustion engine according to claim 4, wherein the com-
pression between the outer ring and the tubular end portion
is 200-250 N/mm~.

7. A threadably connected first component and second
component of an 1njection device for internal combustion
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engines, wherein each component 1s for carrying high-
pressure fluid, said first component 1s an integrated high-
pressure accumulator of a modular common-rail injector and
said second component 1s a supporting body of the modular
common-rail injector,
the first component having a tubular end portion having
an 1nternal surface; internal threads formed on a section
of the iterior surface; and a section comprising a
resting surface formed on the interior surface, wherein
the tubular end portion has a free end;
the second component having an external surface; exter-
nal threads on a section of the external surface, wherein
the external threads are configured for engaging the
internal threads in the tubular end portion of the first
component, said second component having an
unthreaded section of the external surface that 1s con-
figured for being compressed against the resting surface
of the first component;
an outer ring press-fitted over a portion of the tubular end
portion to form a compression region imparting an
clastic prestress inwardly acting 1n the radial direction
onto the tubular end portion, wherein a region overlaid
by the outer press ring comprises a compression region;
and
wherein the first and second components are screwed
together wvia the respective internal and external
threads, and the free end of the tubular end portion of
the first component 1s not threadably engaged with said
second component,
wherein the resting surface i1s compressed against the
unthreaded portion of the exterior surface of the second
component by the outer ring,

wherein the compression imparted in the compression
region provides stress relietf to a portion of the threads
of the first and second components by which the first
and second components are threadably screwed
together, and

wherein the compression between the outer ring and the
tubular end portion is at least 150 N/mm?.
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